BACKGROUND
For many older patients, the transition between the inpatient and outpatient setting is a period of particularly high risk. 1, 2 Adverse events are common, as are rehospitalizations. [3] [4] [5] High rates of rehospitalization are considered to be a measure of poor quality of care and an opportunity to reduce Medicare spending. Under the Affordable Care Act, the Centers for Medicare and Medicaid Services has implemented financial penalties for hospitals with 30-day rehospitalization rates that are considered excessive. [6] [7] [8] 5 Systematic reviews have failed to identify any specific strategy or component that has been effective at reducing rehospitalization.
Timely follow-up with the primary care physician has been suggested as an important component of efforts to optimize transitional care during the high-risk peri-discharge period. 9, 10 Current Procedural Terminology (CPT) codes are now available to support "Transitional Care Management Services," and some health plans have begun to provide financial incentives to medical groups that achieve specified benchmarks relating to prompt post-discharge follow-up visits for older patients.
We conducted an observational study to determine whether an office visit with a primary care physician within 7 days after hospital discharge was associated with a reduction in 30-day rehospitalizations among patients age 65 years and older receiving care from a large multispecialty group practice.
METHODS

Study Setting, Population and Study Design
This observational study was set within a randomized controlled trial of an electronic health record (EHR)-based transitional care intervention for older adults discharged from hospital to home. 11 For patients randomized to the intervention arm, messages to schedule an office visit within 1 week of discharge were automatically generated and sent to the primary care providers' support staff, unless scheduling information within the EHR indicated that such a visit had already been scheduled. The intervention did not increase the proportion of discharges with an office visit within 7 days. The randomized trial was conducted within a large multispecialty group practice that employs 265 physicians, including 66 primary care providers who care for adult patients in the outpatient setting, and serves primarily middle and working class patients from the surrounding urban and suburban areas. Hospital care is delivered by hospitalists employed by the medical group. The group provides care to approximately 24,000 senior plan members of an associated health plan. The study population was derived from this population of patients.
We studied patients discharged from the primary hospital used by the group practice from 26 August 2010 to 25 August 2011. The primary hospital is a 350-bed urban community hospital affiliated with a medical school, and includes an internal medicine residency program. Eligibility criteria for inclusion in the study were: (1) patient was 65 years or older at the time of discharge; (2) patient was discharged from the primary inpatient facility serving the medical group for a nonpsychiatric condition; (3) there were no plans to enroll patient in hospice upon discharge; and (4) the patient was discharged to the community (not a skilled nursing facility, rehabilitation facility, or long-term care setting). Confirmation that discharges were to the community was based on manual review of the medical records.
The institutional review board of the University of Massachusetts Medical School and the institutional review board of the multispecialty medical group and the health plan approved this study. The original trial within which this observational study was set was registered with ClinicalTrials.gov (NCT00611091). Funding was from the Agency for Health Care Policy and Research, which had no role in the design, conduct or reporting of the study.
Characteristics of Study Subjects
We characterized discharged patients according to age at the time of discharge, gender, length of stay, whether a surgical procedure was performed during the hospitalization, hospitalizations during the prior year, office visits during the prior year, number of different providers seen during the prior year in the outpatient setting, number of prescriptions filled during the prior year, and the Charlson Comorbidity Index 12 using relevant ICD-9 codes derived from health plan administrative data.
Office Visits
Using encounter data from the medical group's EHR, we determined whether discharged patients had an office visit with a primary care physician within the group in the 7-day period following hospital discharge. We had access to complete data from the health plan, and thus were also able to determine whether patients had office visits with specialist physicians during that period.
Outcome Measures
The primary outcome was rehospitalization within 30 days of discharge from the index hospitalization. We ascertained information related to hospitalizations from both the medical group's EHR and from health plan data, which allowed for determination of rehospitalizations that occurred at any hospital, not just the primary hospital that served patients cared for by the medical group.
Statistical Analysis
For direct comparisons of baseline characteristics between those who were and were not rehospitalized within 30 days, we used Fischer exact tests for categorical variables and t-tests for continuous variables. Reported p values are two-sided. Comparisons included characteristics of patients, their hospital stays and utilization during the year prior to the index hospitalization. Because of the skewed distributions of age, length of stay and number of prior hospitalizations, we analyzed them in categories defined to optimize their bivariate associations with rehospitalization, as displayed in Table 1 . We categorized potentially relevant components of patients' utilization during the preceding year in quartiles including number of office visits, number of different providers seen, and number of different drugs dispensed. We used time-varying Cox proportional hazards models to assess the association of office visits and rehospitalization. The models focused on time from discharge from the index hospitalization until the first rehospitalization date during the 30 days of follow-up. Patients were censored on date of death, healt h plan disenrollment, or 30 days post-discharge, whichever came first. For patients with multiple hospitalizations during the study period, we included each discharge and followed it for the following 30 days. Potential confounding variables were determined individually for each discharge. Variables with statistically significant associations with rehospitalization were tested in multivariable proportional hazards models to assess their independent association with rehospitalization and their impact on the hazard ratio for office visits within 7 days. Models also controlled for intervention vs. control status in the randomized trial and for having an office visit within 7 days with a specialist physician.
To further explore possible confounding, we developed a high-dimensional propensity score (HDPS) predicting office visits with the primary care physician within 7 days of discharge, including five dimensions of data derived from the EHR and health plan data (inpatient diagnoses, inpatient procedures, outpatient diagnoses, outpatient procedures, and drug dispensing) from the 12 months prior to the index admission. The HDPS calculates an algorithm from claims for outpatient and inpatient care to indirectly serve as a proxy for a patient's underlying health status. The process identifies potential covariates separately within each data dimension, selects the most prevalent, categorizes the frequency with which each of these covariates appears in the data for each patient, prioritizes covariates within each dimension by assessing their potential for controlling confounding not conditional on exposure, and selects the final covariates. We used SAS programs included in the Pharmacoepidemiology Toolbox, 13 developed by t h e D i v i s i o n o f P h a r m a c o e p i d e m i o l o g y a n d Pharmacoeconomics at Brigham and Women's Hospital, to calculate the HDPS scores.
14 C-statistics were calculated to assess the fit of the propensity score model in comparison to logistic regression models predicting primary care physician visits within 7 days with the variables retained in the multivariable proportional hazards model predicting rehospitalization. We matched on propensity score using a greedy matching approach, but only 85 % of the group receiving an office visit could be matched. Therefore, we focused our primary analysis on time-varying Cox proportional hazard model ratios stratified by propensity score decile. As a sensitivity analysis, we also performed a matched analysis to identify any major differences in results.
In addition to the primary models assessing the impact of visits with primary care physicians, we performed a secondary series of analyses on the impact of visits with any physician. This series directly paralleled the approach for visits with primary care physicians and used HDPS scores specifically calculated from predictions of visits with any physician.
SAS software version 9.2 for Unix was used for statistical analyses.
RESULTS
A total of 3,661 discharges of patients age 65 and older from hospital to home were included in the study. During the 30 days following discharge, 707 patients PCP primary care physician (19.3 %) were rehospitalized. Seventy-eight subjects were censored prior to the end of the 30-day followup period, 74 died and four disenrolled from the health plan and were lost to follow-up. Table 1 compares discharges followed by office visits with a primary care physician within 7 days to those without. Twenty-seven percent of discharges were followed by an office visit. Factors associated with lower probability of an office visit were longer length of hospital stay, surgery during the index hospitalization, and younger age. Table 1 also describes the sample after matching on HDPS. The two groups are very similar, but only 852 patients (85 %) of the group with an office visit could be matched, reducing the sample and potentially making results of matched analyses difficult to interpret.
A number of demographic and utilization variables were associated with rehospitalization ( Table 2) . Discharges of older patients, those with longer lengths of hospital stay, additional hospitalizations during the previous year, and higher scores on the Charlson Comorbidity Index were more likely to be followed by rehospitalization within 30 days. Each of the patients' prior utilization variables was also associated with rehospitalization. Women and those who received surgery during the index hospitalization were less likely to be rehospitalized.
We compared a logistic regression model predicting an office visit within 7 days that included the confounding factors retained in the Cox proportional hazards model to the model developed for the high-dimensional propensity score. The cstatistic without HDPS was 0.58, while the c-statistic for the HDPS model was 0.77.
Results of the series of Cox proportional hazards models as provided in Table 3 demonstrate very little association between having an office visit with a primary care physician and rehospitalization. In the basic model that included no potential confounding factors, the hazard ratio associated with having an office visit was 1.04 (95 % confidence interval (CI) 0.86, 1.25). Addition of the basic set of potential confounders raised the hazard ratio slightly to 1.07 (95 % CI 0.88, 1.29). The model stratified on deciles of the HDPS lowered the hazard ratio to 0.98 (95 % CI 0.80, 1.21). The model matched on HDPS produced a similar hazard ratio of 0.96 (95 % CI 0.75, 1.24). Table 3 also presents the results of the secondary analysis series assessing the impact of an office visit with any physician on rehospitalization. Forty-six percent of patients had an office visit with any physician within 7 days. Although the unadjusted model indicated 
DISCUSSION
In this study of one year of discharges from hospital to home for older adults treated by a large medical group, 19.3 % were rehospitalized within 30 days. Although 27.3 % had an office visit with a primary care physician within 7 days, we found no protective effect. A range of possible confounders associated with both rehospitalization and office visits might explain the lack of effect. However, even control for high-dimensional propensity scores did not have a major impact on these results. The results of a parallel, secondary series of analyses assessing the impact of having an office visit with any physician on rehospitalization were similar.
A number of hospital-based programs have been developed to lower rates of rehospitalization, but few have proven successful. A recent systematic review of hospital-initiated transition programs found many of the tested alternatives had little impact on rehospitalizations. 15 Exceptions were the Care Transitions Program 16 and Project Re-Engineered Discharge (Project RED), 17 both resource-intensive and personnelintensive approaches. A second review focused on studies of interventions to enhance handovers from hospitals to ambulatory providers found no strong evidence for any specific component. 18 This finding was paralleled in a systematic review of post-discharge transition models that concluded that there is no model that is reliably effective in reducing rehospitalizations. 19 Given the apparent limitations of alternatives for reducing the cost of transition efforts, there is high interest in the potential of shifting transitional care to the primary care setting, with the expectation that an office visit with a physician would be a more efficient approach. 5 Several studies have assessed the potential protective effect of having an office visit after discharge using hospital-level data and analyses. Parallel studies of older Medicare enrollees discharged with heart failure and myocardial infarction found conflicting results. Both studies compared hospitals by determining the rate of claims for out-patient office visits during the 7 days after discharge and categorizing them in quartiles. 20, 21 For heart failure, there was an apparent threshold effect: the quartile with the lowest percent of patients with follow-up visits had more rehospitalizations during the initial 30 days post-discharge. However, for myocardial infarction patients, there was no relationship between rates of follow-up and rehospitalizations. Ecological analyses at the hospital level leave open the possibility that hospitals with higher rates of follow-up visits also have organizational structures and other characteristics that may account for lower rates of rehospitalization.
In contrast to studies of hospital rates, a third study of Medicare enrollees used individual level data to assess rehospitalization among patients with discharge diagnoses of chronic obstructive pulmonary disease. Comparisons were between office visits with the primary care physician or pulmonologist within 30 days and rehospitalization during the same period. The resulting hazard ratio of 0.91 was statistically significant. 22 Other studies analyzing individual outcomes include a study tracking office visits and rehospitalization over 90 days post-discharge. An extremely protective effect was found for office visits within 7 days (odds ratio 0.10). 23 Subjects were limited to those with no prior hospitalizations during the previous 90 days, an exclusion that is likely to produce a very different result from studies including all discharged patients. An additional study was set within a single specific hospital and tracked office visits and rehospitalizations with the same diagnosis as the index hospitalization during the initial 30 days post-discharge. A strong association was found but it was not statistically significant. 9 Several single-hospital studies focused on office visits that were scheduled 24 or reported in discharge summaries, 25 and found small 24 and no effects 25 with limited ability to compare results to those studies that assessed actual office visits. Studies focused on out-patient care for newly discharged older adults provide possible suggestions for the observed conflicting results at the hospital and patient levels. A randomized trial of intense primary care for discharged patients within the Veterans' Administration system found that patients with more primary care were more often rehospitalized, suggesting that contact with primary care physicians led to more detection of underlying problems requiring hospital-based treatment. 26 A study of older adults insured by Kaiser Permanente of Northern California who were rehospitalized within 30 days of discharge included intense interviews with patients, caregivers, and primary care providers. 27 Although 53 % had an office visit before the rehospitalization, 65 % of physicians did not know of the worsening conditions that led to the admission. Among the rehospitalizations considered preventable, interviews revealed an average of 8.7 contributing factors.
If a post-discharge follow-up visit is to succeed in reducing the risk of rehospitalization, it will need to include extensive exploration of the patient's changed medical condition, as well as provide education and support. Several guidelines have been produced, including a checklist for physicians by the California Healthcare Foundation 28 and the American Medical Association's There and Home Again, Safely 29 publication, which details the responsibilities of primary care practices during transitions in care. Recommended responsibilities include coordination with caregivers, case managers and home health workers, sharing of recommendations and medication instructions with all members of the team, medication reconciliation, and extensive instruction to patients and caregivers on self-management. Unfortunately, these are not tasks that can be readily fit within standard outpatient visits. Fulfillment of these responsibilities may necessitate a comprehensive transition program.
There are several limitations to this study. The office visit exposure could not be directly randomized, so this was an observational study with the accompanying potential for confounding. Some office visits may have been scheduled due to a patient's deteriorating health or in response to ongoing health challenges that placed the patient at high risk of rehospitalization. We drew upon the full information available from both electronic medical record and claims data to control for clear predictors of rehospitalization and also developed a high-dimensional propensity score. Models that were incrementally controlling for various levels of confounding showed only slight modifications in the hazard ratio for office visits within 7 days with either a primary care provider or any physician. However, a number of predictors of rehospitalization are not available in EHR data, such as the existence and quality of patients' support systems, the extent of patients' understanding of medication regimens and recommendations for self-management, and their ability to recognize and respond to warning signs.
Determining whether a null finding is convincing depends upon interpretation of the size of the confidence interval. Because of the limited size of the sample (3,661 discharges), the confidence interval is fairly wide, with a lower limit of 0.80. Thus, the possibility of a protective effect remains. Since this study was set within one multispecialty group practice, it is important for these findings to be assessed in other settings. In order to provide evidence for decision makers considering penalties or rewards for primary care practices related to follow-up visits for discharged patients, these studies should replicate our approach by including the full range of discharged patients.
In summary, we found no protective effect for office visits within 7 days to either primary care providers or any physician. Post-discharge visits are likely to have a better chance of improving outcomes for older patients if incorporated into comprehensive transition programs.
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